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缩略词 英文命名 中文命名 
bpy 2,2’-bipyridyl 2,2’-联吡啶 
dmpe 1,2-bis(dimethylphosphino)ethane 双（二甲膦基）乙烷 
dppe 1,2-bis(diphenylphosphino)ethane 双（二苯膦基）乙烷 
dppm 1,2-bis(diphenylphosphino)methane 双（二苯膦基）甲烷 
η
5




* η5-pentamethyl cyclopentadienyl η5-五甲基环戊二烯基 
Mes mesityl 均三甲苯基 
Me3tacn 




phen phenanthroline 菲咯啉 
PNP bis(diphenylphosphino ethane)propylamine 双（二苯膦基乙烷）基丙胺 
Ph2Ppy 2-(diphenylphosphino)pyridine 2-（二苯基膦）吡啶 
pz pyrazolyl 吡唑基 















Synthesis and Characterization of Ruthenium and 





 Recently, more and more interests have been shown by the synthesist to the 
study on replacement of a CH group in benzene by an isolobal transition metal 
fragment together with its associated ligands to give metallabenzene even 
metallabenzyne complexes. Although many metallabenzene complexes are known, 
there are only two examples of which were synthesized through cyclization 
involving 2 equiv of acetylenes and a transition metal complex. 1 equiv of 
HC≡CCH(OH)C≡CH reacted with osmium complex to give a novel osmabenzene 
complex through cyclization was first described in this thesis. The main results are 
summarized as following: 
The osmabenzene complex [Os(CHC(PPh3)CHC(PPh3)CH)Cl2(PPh3)2](OH) 
was synthesized by direct cyclization involving HC≡CCH(OH)C≡CH and a 
coordinatively unsaturated 16e osmium complex, followed reacting with PPh3. The 
new osmabenzene complex was characterized by NMR and IR spectroscopy, and its 
structure was confirmed by X-ray diffraction analysis. The structure shows that it 
has an octahedral coordination geometry and also has the character of aromatic 
system: all the C-C bond lengths within the ring are typical of benzene derivatives, 
and the angles of the carbon atoms with the ring are consistent with a six-member 















of osmabenzenes and osmabenzyne . It shows that the six-member metallic ring has 
a completely delocalized structure. 
 Reaction of RuHCl(CO)(PPh3)3 with suitable ligands produced a series of 
interesting bimetallic complexes bridged with C4H4, C6H4O2 and C5H5 ligands have 
been reported. In this thesis, the hydride complex RuHCl(CO)(PPh3)3 was attempted 
to react with 4-phenylpyridine to give RuHCl(CO)(PPh3)2(4-PhPy), which followed 
on treatment with HC≡CCH(OH)C≡CH gave the single insertion product  
RuCl(CO)(CH=CH-CH(OH)C≡CH)(4-PhPy)(PPh3)2 instead of the expected 
dimetallatic ruthenium complex. No further insertion reaction was observed on 
treatment of the hydride complex RuHCl(CO)(PPh3)3 with the end-alkyne of 
RuCl(CO)(CH=CH-CH(OH)C≡CH)(4-PhPy) (PPh3)2. Steric effects are the likely 
reason for the low reactivity of the C≡C functional group in 
RuCl(CO)(CH=CH-CH(OH)C≡CH)(4-PhPy)(PPh3)2 toward insertion reactions 
with it. Single crystal of RuCl2(CO)(4-PhPy)(PPh3)2 was obtained from the solution 
of RuCl(CO)(CH=CH-CH(OH)C≡CH)(4-PhPy)(PPh3)2. The structure of 
RuCl2(CO)(4-PhPy)(PPh3)2 shows that there is a symmetry planar through the metal 
center and perpendicular with the octahedron axis, and the sites of Cl and CO 
ligands is somewhat different from either of the start material or the common one. 
 Additionally, no insertion reactions was observed when the hydride complex 
RuHCl(CO)(PPh3)3 treated with (PhC≡C)2PPh. However, the (PhC≡C)2PPh ligand 
can substitute the PPh3 ligand which resides in the basal coordination site to give the 
new complex RuHCl(CO)(PPh3)2(P(Ph)(C≡CPh)2), whose structure was confirmed 
by single crystal X-ray diffraction. 
It has been shown that among molecules with a Cn symmetry axis, molecules 
with a C3 symmetry axis are the only ones with no dipole moment but finite β, so 















optical (NLO) applications. So far, all the organometallic compounds with C3 
symmetry axis have been synthesized based on 1, 3, 5-triethynylbenzene. In 
principle, 1, 3, 5-triethenylbenzene can also be used as the basic construction only if 
the three substituted ethenyls have suitable orientations so that the molecule possess 
a C3 symmetry axis. We are interested in the synthesis of organometallic compounds 
possess C3 symmetry axis with metal-vinyl linkage. The main results are 
summarized as following: 
 The conjugated trimetallic complex 1,3,5-[RuCl(CO)(PPh3)2PyCH=CH-]3C6H3 
with vinyl-unit linkage is made from the surprisingly simple insertion reactions of 
1,3,5-(HC≡C)3-C6H3 with ruthenium complex RuHCl(CO)(PPh3)3, followed 
coordination of pyridine. The new complex was characterized by elemental analysis, 
IR，1H, 31P and 13C NMR spectroscopy. 
 Unambiguous confirmation of the structure of 
1,3,5-[RuCl(CO)(PPh3)2PyCH=CH-]3C6H3 was provided by single-crystal X-ray 
diffraction, which indicates that such complex is among molecules with a C3 
symmetry axis: all the bond lengths of the same Ru-P, Ru-Cl, Ru-C(O) and the 
corresponding angles are almost the same; the angles of three substituting groups in 
benzene are nearly 120°. The new complex shows better symmetry character than 
the reported for similar structure of 1,3,5-[Au (PPh3)]3C6H3. 
 
Keywords: Metallabenzene, Complex, Phosphine ligands， 

























通过配位不饱和的 16 电子锇配合物 OsCl2(PPh3)3与五碳双炔有机化合物












RuCl(CO)(CH=CH-CH(OH)C≡CH) (PPh3)2(4-PhPy)长晶体得到与 Ru相连的 C链断
裂的产物 RuCl2(CO)(4-PhPy)(PPh3)2，有趣的是，它的单晶揭示该晶体结构中有
一个通过金属中心且与其八面体几何构型的轴相垂直的对称面，而且 Ru 上的
























































第一章    绪  论 
 





















1979 年，Thorn 和 Hoffmann
[4]
探讨了过渡金属金属环中的电子离域问题，并






























































































































































16 17  
Scheme 1-2. Literature examples of metallabenzenes, metalcoordinated 
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Scheme 1-3. Some known classes of compounds  
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